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ATR"ACT

fteoa •f € the itcreesish inberot i tho O e of hydropme poide
a - -!!M* . its A4dPinflHnein by 1.l1nP has b"s studied ia tw lisuid

ph.... A v--" high parity peroxide served nx die reforute. pWt in a
SId I;. *_ -.qued @6 evaluate Oi role of certain bino.pe maserials In

.,r-comir-Mo"sta reacticos. The rate of decoposlit,•a Imd Ow caftlyst
loss were feww le be slivrid by misatea •mounts of phosphate. stam et
or aluminum low. Thei effeti ci tia wea mmbjeci to agbet -**-thM Its
ud--*@ici V-. iSVgtl~lble c5 -A- alter it wass to !be p.tade
Alumibm Increased the -trltng activity of th silver catalyst an wtl
aI its solutlon rzte. The1e effects were observed at owebtis la ofi
alumimm telow 0.5 mg/ but were not t ee by raising be slat-
us concentratol abol ve thila svile. The increased stiver Ie do to
the presence of saluisvim moderate. Whe pbphee im we Sd
to hydr.oge peroxide, :be actuvity was lcreeedi With caeumtlntm
above 2 fg/las IdMUMbta meWtto maShed tis IA41... sad be decM-
positio rate becaua alow, Pbopihte sharply malelit the ammoat of
@liver that diseolved In be pe aside sample. The catalyst eflcolewy
wus cut by a faeor of 5O at a p iosplimte coacemtrItIo, a d4.0 mg/I
AttomptU to coetrol the uadeeirsOe lnfluence of pboaeINOWi sav tlbu
4addittoa of tin wes partially effectin. Additons of alumlae k
md~watmemt of bwe appier• pH to bh wr valm me 1 wet leoe Us cwwu7
mems of partially emsr-acting the effets of phoslte. kS,•fat sd
nitrate kmes did riat alter bhe catalyti decampowitim behavWo is thee
labPrmwy estdies. With respect to be sulfate iao, tbe reslts In the
tabwraty evalmtr itlffer froa tih '-uilts obtained In S op eros,
slnce sulfte malta deposit Im we catalyst bed ai be rocket chamber,
therehy AcroUslta propellant flow.

PROBLEM OTAT1U

?his is a istarta report am this ph*s of Ow prolem; work on tO
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Does*". atits versatility, hydroe pervade to as attractive source of power (iwr a
w ar"et of missile mad aftr erft applications. Its use lops. gonorstors was pbnserod by

Ithe Oermems to their V-2 rockol pogra a ledsmilar turbine drives has been adapted to
Anwieria rackets such t'P. "' Viking. 21gb strongt poromide, my be selected is the

fuel for a mar% ri. -i r L S requtremeat of mecisulical simplicity cowtor-
balances the powf for *,,J& pertormiasnev. Time the auxiliary power for a Mary belleopter1 ~ amuof three omali b"drog. peraside rocket* .1ituated lo the tim o ethe ",Ory bst!de(1).

IIntermittent thrust can be attained with this compact system aince the flow of the liquid
v popelasat can be mastly .tsrted. stoppedI aid started aspin.

Large voumme uses of high strungth psre bmwm ae estse around the dewolopavee
ofe btp.'opeLlaut rocket engine. for smmind aircraft. The ro tremeats of somev rocket
spolorms sa pers otte proefemble, ID etbar Iliqlud wrye, or aitri acid as the omidiser.
7*Tb Worid War n experilowe of bhe Onmu with the liomerehorabldt lGSA swprlmeutsI
rocket plane pope the feesIMllty, dthbe perneldo and OC-Iftit'$ wprelolmiesi combination
(3). The developus f dbte hybrid )eot-re--bsi cemcp for airplavi No. granted another
demand for rocket Noeel. for bhis am esse in li~ftre$Ol allwerelt, Suter ciawidered
high ob Not reraldde be most desirable awitssr beceue eflIts good delmoty impuls and
mods at combstion I pemp tore (3). This view It bits beoo supporm by tbe Duruev of
Aerommiatls Whith pta to itiine "St? hydrogen psaie In their su -perfrormances
alrerelt (4).

lism"Gopraopellas ad gme asratormspilntionailya h qs pl where power
Is derived solely from docomepoolione pmeasss, a nislltic miMe iabees ruqutrsd to
ýmite a high 4scompo~i tlea rats. WMithbe mneetptlia of soe pe am@j an oc-toff

coU~~~hitios,~~~ emnyt eeae b sdweec -1. ofa fuel stus.b"Womygs.
4 ~dermvd from hydrogsen perasids. Ms a bMwpeIIsm Swine, Pe ie in Wf duemps ",a

cafiyt" to own" aNo Biwa Withi eemdarable erI ams of srmm. The rssultim bet
mburer. iso m ate. aygoo romailly IWus a fubasta comilscL Thu. Is the p F -,U.m of
powr from hydrogen peo.ie a catalyst to normally oemployed to, offset a high raft of

A peaot smeber of isoramicmsbea -have bee recnepime - catalysts toll pe anti
4 ~ ~ hp Me~esina (5). Many Ies or Seir satshew be" s tao e I- In recs wok mid have

Siatm esiseeWr perfeeme.. Became of It biga decmpl~watim idt an asmcilmey,
Ito ready fabricatiun, end lin goad bo~ntart elevatd Wompsrutres, silver has been bhe
eats"pu of chokce in maost ofthbe meyver mpptlatia of peroide a. Allwo Othi steMes ban
geasrally bee as outeendita cailm"t, teerftai dfffltis bows bess amoclao wtib Ito
weis "awoe developms" p agruM. bs Practice. se Matieffsdsr7 performance awrved

4 OC-3sff was lb. Oermsaa code word few a u~re of "SY bydrastue hydrate. 5?% Methyl
Aleshel, saw 13% wwor.

such factors as purformseco. ease ad nuammfacturv. mad f reoming pealt.
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2 N~AVAL SIS5ADCH kASONA;O5, K
has bvee~ due to A short lifeimem for the catalyst bed. The :-#so= fur pror behavior whi-1,

inny be Inte rdependent. are (a) a build-up of deposits on the acreene of II,. catalyst beli
which decreases the flow rate of peroxidle and (b) decreased catalyst activity whfch reaulta

The oliv, r a, .. y~t u5A~ in many engines has be"n prepared by silver-plating a wire
sc~reen fmbricated from some baser metal or alloy. The plated material ia then subjlicted
to an activation procedure designed to increase its efficiency. Theo proeprat~oen of the

N-01y~ be nvnlvo% man, variables, particularly in the plating procedure, and rigid con-
trol is required to produce a consistently grood product. Indee-d, Lirraguaritive in the silver
catalyst have been responaible for the poor performance in some of the engline development
vot i. However. wide va riationa in bohnvior have .alo boom encountered when the same
catalyst h..4 :.: b-<- u.. vwitht different botcher rA peroxide. For this an well as othier
rea~u.' it - in" -1 Oiat contaminants In the peroxide have a deletaricat effect on

P"~ r--or-na..ce.

The 110% poroxids used In rockota s to dmilved ft 3am lower concentruticm by a double
dl-4ttliatloti under vacuum. This prociesalag afford* a high quality product wh~ch reedilly
meets the older per-mill spacifIcation. MIL-HRl6("SMS, 21 February 1953, which won In
effect at the time the present work was started." lKite principal T riterion oll Impurity
level In thia specification is the evaporation reeidue, which measaures Ow. sum of the non-
volatile material in suarpembon. in colloidal solution. and is true solution. The maxtimum
allowable residue to 20 milligrams per Iliar, a value which has not been maihmly restrictive,
Ndevertheless, smay peroxide samples with evaporation residues loes thme this value were
not suitable for engine operation. Therefore, efforts were made to correlate ONe typ of
Impurity whith performance. For iatasmce. l101t scaiftering studies wevue triled 'n order to
see If the quantity of colloidal mnateriall were causingf the poor performance (6). a check
for totail ionic Impurjtlee was maede by misata conductivity esue utand the apparent
pill was utilized to detect any abnor mal acidity or alkalinlty Iin those peroxide samples
which gave poor performance (7). When those approaches bore nto fruit. a search for
specific c.emical toons and compixudaws tregtiun. Chemical analymses were made for a few *
Inorganic materials whose prosencie to perosie was suspected (7). The evporatIon
residues were examinied by electron matcroeopy sand electron diffraction (6). These
attempts also failed to produce a norith-while lead to explial differences in peroxide samples.

lIn view of the sneeaming inabillity to correlate amotor behavit,* with some physical or
chemical measurement, attempts ware thanee mde to develop laboratory scale performance
tests which could single, out pocr peroxideg samples and thue elliminate the need for a full
scale motor teat prior to acceptance of a batch of hyttrogen peraoxide. A static evaluator
was developed at this Laboratory, sand the Dweeco Chemical Division of the Food Machinery
sand Chemical Corp. developed a nlow system, the "Low Pressure Ktvalwitor," wtc:. could
be used for comparing per, Ale scuples or catalyst screens. Daft evalluators, were
designed to measure the decompositlea rale of hydi-oge peroimme and to detect changes
in the catalyst. Results obtained Pth-vagh the uose of both of thoee evaluators on producltion
samples did reveal differewootosi the catalytic doecomtpositi behavior 80). cmu sm-
pies which had been foond to be ussatisfactor for engise we were shows to attack the
silver catalyst with undues severity, dissolving It at an aborXMally high rote.

A new spectficat-...n for hydrogen peromidde ower 52% concontratiou. M1L-It-16OO5C.
10 September 19S6, defines mAmirmum Impurity limits for several icns, wleveas MLL-It-
1600i3 specifieci only the limits on concentration, evaporation residue. and etability.
The limits set for some inorganic material#s re not sufficiently at vinsleat to permilt
pucAp _- d-y:rcl pevor4xie far rocket engines under this recent eptocification

41, dh As
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The unpredictable Occurrenceto t7*d Perojde batches sauggated an alternate approach
to the problem, YTiv Invoired ithe addition of definite, amounts. of inorganic compounds to
a plod quality production sample. Tests were then maod# on this d-nrlorwd sample to thir
xtwtic evalustor tnoeany chang" n h catalytic d~ompositton phenomena. Certain
addfilve'a wrre foundl to attar either the decomposition rate, the oilver solution rate, or

both (SO). phosphate. aluminum. and itniumis tons wtre particularly noteworthy in their
effects. Although definite trends wer* observer! in these studies, a given additive dbd not
exhibit kdentical behavior In sil stock samples. ThIii was because these production samples
had significket amounts of phojsphate or aluminum aiod rmknowu amounts of other possible
crytical tons. Thus, the effect ot an additive ct.'td not be determined precisely because of
Its apparent interactioh with impurities already prosent tn the sample.

To achieve a more domflsltlw asiwer It wain necessary to obtain truly high parity
hydrogen peroxide. rortunately, such a material becamet available from the Decco Chem-
tee[ Division, which produced a peraxide up to 994 concentration by a pautial freesing
process (It). This high grafe material baa haew usedt as the refeirence poitw for the com-
aismnant peog. a devcribed In this report. Thve earlier static evaluator sbtedse were
repeated, reimaed, and expanded. Aging pheeusmeus and Itractions betwee., two or msore
addfitives were also examined.

1-%me L~fovmtioa presented is this report comprises the coatrtbotUsa of Wei Laboratory
to the Saresa of Aeroniautics "creah progrm' an hydrogen peraRVe (4). The expertmenal
work of this cooperative effort itl~cedW rocket %.vlw Maetst, laboratory parrfo~mance tests.
&Wu analyses for contaminants. It was designed to determine the pertudde quality needed
In a motr by actual engine tests and to assess the reliability of laboratory7 Mtst for prv-
dieting the engine requirements. TMe wltimats "Ia wna to Meine a appelfication for hydro-
gen per - 1e for ame in tie 'sup" performaace aircraft. Poor batches of peroxide could
then he detected by cheioacal analysis sad physical measuremenst.

MMPKRIMCWTAL DRTAILS

Apparatus

The static evaluator developed at thin Laboratry wan deelpaed to compare &athelud-
phase decompoition rate of pervoirde samples am a standard catalyst. Thus It attempts to
simulate the decomepoettlo. In the iaitial portion of a catalyst bed of a rocket where the
temspersatur Is below th. boiling putnt of the pe oudse. ft lacorpoestaesoeons of the eetuers
of a roeator used by Magg (12). A .smet leogti of siveir wire was chosen as the Catalyst
sice cb'mpwes It s weight could be foiloaird periodially during a me. Pur, silver was

chssto elimosete the earls bias associate with the preparation of a plated and activated
catalyst. The diameter and length of the wire were arbitrartly set at 0.020 inch sand 2.0
centimeters. As shows is rig. 1, the esatllot to suppor todI the peiromide sample by a
Tenlon holder. The tatter fits am a glass rod aftteebed to the cell heed.

Th sample !a stirred by a magnefstirrer5 and Ste hismparsater Is reguasted by the
flow of water In the surroundting Whact. in most of the esperlmeI a 90.0-m1 sample was
used asd the temperature, was maletatmed at gO s21V. OaimceWo thsetedle ware r-estricted
to temperatures below the boiling point of water, the wateir fornmed by perozde doe o-
positioin is retained is the liquid planse. Thues, the peromide is gredually ditated during a

f ~rim. The oygen produced in the derompostitts toswmaspre b7 the wet teal meter glad
M tisueaeuretmeat becoomes a couv"nlec laden of the rote of seompositlun &&A the activity

of the catalyst. Complete decomposition of th e t1-m samplea of WS MA "O*sd affords 20.6
liters of oxygen at STP. Nowvevu, the low rates of amye 0"Mtlon normally eacounttered

C0WFIDVITIAL
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at the lower peroxide concentrations dictated
the termtinationo 01Q run btforc the sample was
completely decompawed.

R een Twoade was hin wtervapsore presertead

GXOU"D Werra borwe~~tndaretel c anitiot.. o e! oo. hn

*LASS~ serew h purpoeliinaremotuiesan wereoplctes
ofhth 9 peroxidewhc magtde sveilabut by the

Ft 5 . I -Static r alcall and thO Insurheingal ivsiontur sts o ath ox0ge
atalyic dcompsitin a.hydrge with~ wateria wasor dpuerowitde oniimsdateor

pero~de. A wit cataist.S. Tthro ughoutea fru thieroe. baclae ferom the

lot ontrl ofcol I~fpeF~U?. amo ualts of txygs uervplred suitabldoen poer-o
Teflon-ORO10 beierg mantfrutrtgx de for l t hed iswabter va.o presentn

pe4e LEVEc tevariations ofsiemeratheureism and thesuefo
sthesealo condiebtions. a equela

CMateriso.0 h ale022a O hs
A fe whpeiichIs1/ o1/ siha' wer conduerda

90th hero9xiderowith mast avilbl 2.0 tO he
oF11I oir aI SPu (04 t l0 (or ths ' alsocoChmparas Davorably w or teloests value.

cm -yti fndbyschumbo for 90$ydrogen thighl patrifie was dlabrtory weth od. (ii) sates

(.ire hodr C0 thms mcou rpolewel frihd for thisadrge pewomlde ( b4) Met*. Throen
fo cnroie likel wter, peraigtlyurie; eve qaisthe ofr thssteer-pueoluSa values for-

specific.Of conductancaptal otodieetfrmtse state.d aboe.iino h

The tmcetr~iom oundforsulfte ad ntrate tmeois for a some cc tobe, lasa
are elived o b te hig.Te cnduc~Owes0 lo.w concentatioescd arkd be qethoed
eddtio ofeihersulat orUIE~t mat.Co mpallso moftsThe valueii of nucta 10 e ohs"
SP-9 towhih 30 m/I 1 mt ae hd bes dde wasiocn to be4 1nr*se 1 y 5W of cmeial

chms"lfoun whil tchat for W%-O eontisiag kt.7 purnsifi1aed by atrator wabos (13reshdobs

th.t th SP-0 ohas cat most bonly these a aluets efxceed themeaurites. oenductance o1w
P.90e wiioutP-9(04 xd s 10t ohme" th")at s thulaepanniroat favoablyse wKreh loerrstevaue

Such9 a0- premise woud )e reaPil forpi ".% the cage pw the (14).d$Weut anaysi ofo
sulfate. Thke waaltir.I rsuOlt. forthse if" Is the0 pwer starte.thed abyol vlestreorl
spooifi condctan'ev lhart proablmno ctoodifferentwa froundis give qeousslft sadad

A% cncss1 enrtionsd fonadtia for dfa h striata sulfate and atttaatton in O-0m hogI nl
haroen beieedrto be td MO. cmi~e to &e AWR mhofeP. tocWedge metit o (I!. lby sfthe

ctnto smle4SP-0t wih3. C onf sfthe bad usee n Iu ItudI was fouad to be 0araWb .64 IL W
by his1c- wehil o o P9 ensd.11mA faddatae a ncodb

2.6a 1" oms7em" Vice olit f 1v vto"axe" te msouedconductance of

SP-0 wlhot aditveo Itaeos tat w ulfte id itrte nalses*or eroneus
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TABLE 1
Analyses for SP-4016

Phoshate0.12

sulfate 3.o

Nitrate 1.7

AppanrenitpR .02

specific
Conductasce 2.2 z 10-6 ubms'lC=-

See the Appendix for anialytical methods
I~noccurs in peroxide when etannate to

added as a stabilizer. SP-90O covktaineofnostabiliser,

It i momewlet uwor diflfielt to refta th e valdilty ofthle attrate, arLalsts. INo preetaic
was ^0.3 mg/I and its accuracy Mea beem verMie by , detwrtmag inm which kenonwsomamm
of nitrate wMa Adied to Peroxide. IM the face of Sthi dilemmaw, it is propsed dot Owe asaly-
IaW a" carrect bet Oit aome of lie nitbge whic to deteMcAted mattafut v proeset, to
An sumoisead fomprir o h analysis. A16, 1 eoasn of Owe sactitical rof lts ave

questioned, it certainly umet be concluded thst the quaity of ths UP-0 In high.

The chemicals hie'- for the auitive poor MWere all enter ecl"ei Oad Were Ace
111aget pads. To effect a. admities. a deflaite, amoest ofa ditlue -qesa ,solution ofthle
eomow o Itoeseet wa aided to a a-q- yofpoud.Te-Ion fft 14

by their Was a wo present so One sediums or odwe units.

fte boPurity peweside MWe obtebw ad ewrd In Pyre gSt.. en petysewleatu

of addittire and lie peroxide samples prepare I w aging besmb wore kept to polyfthylene
battles.

Is the uijtsdte' of silver atomic, toe esato"e belder was removed peioleaiclly during
eeck rim so &iAt the wire could be exammiasi mad weiighed. 77e raef of solution of silver
could lien be deteramand ma a fuiettamo athle itet ato deco "itlom of lie puroat4e.

L ICOWV1RNIMAL
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TABLE 2
Compounds Used in AMdiM" Program

Species Compoundl Conc. of ton it
C ptudied Aqueous Solutton (g/l)

P04 disodium phosphale dodecahydrate 0.62S

Sn sodium stannate trWhy-rate, 1.25

At aluminum sulfate octadecahydrat, 0.625

so, nodium sulfate 2.50

NO, s.odlum nitrate 2.50

Lt lithium sulfate monchydr &te 0.125

Ca calcium nitrate tetr-iyqirate 0.25

Mg magnesium sulfate heptahydrate 0.25

sa barium nitrate 1.25

CATALYTIC DECOMP0UITON BEHAVIOR
OF HIGH PURITY HYDROGEN PLROXIDE

The decomposition rate of SP-90 on silver is Illustrated along with that for SP-2g In
Fig. 2. It shotld be noted that for a onsiderable change in concentration the decomposition
rates were very low. Ar will be mentioned apin later, they are lower than those observed
for any commercial " peroxide samples. Also implrtant is The fact that the decompo-
sition rate Incresed an fhe concentraUon of peroxide decreased. This feature is not
ncvel for catalytic decompition of high strengt peroxide on diver. but it is unusual in
the light of moat chemical kinetic expertence. In agreement with the sbowe observations,
the starting activity for SP-9 was slightly less than that for 8P-90.

The catalyst weight losses for SP-90 and 9P- were the lowest observed in the static
evaluator for any peroxide sample. It is sees la Fig. 3 that for most at the run the silver
loss for SP-90 closely follow the onygen evolution. Ihis behavior, hclhb ham been typical
of earlier work, was not exhibited by SP-ff for which the lwss accelerated during the run.
When the peroxide concestrtion dropped to about WS0 (13.6 titers for 8P-tN) and 18.0 liters
for SP-"l) the silver solution rate decreased sharply. Mes also sees in Fg. that asthe runs
continued beyond this point the catalyst be"n to gain weight. Examination of the catalyst
showed that this pin was aecomrasled by the appearance o a rough white coatiag which
rasembled a normal matte Wilver plate. Comerrently with the tedepostttos of silver on
the wire, te peroxide sample itself became turbid, This cloadiness was due to catalytic
decomposition occurring on small particles of silver which had formed and were suspended
in the solution. Since tlt soalubility of the silver compound formed by reaction with peroxide
decreaaeswithadcresaein hydrogen peroxide conentration, the limit of sliver solubility
was exceeded as the ctceutration fall. The silver took the two forms referred to above
of it left the nolutth. - plating on ih, catalyst and small particles In the solution. The

CONFIDENTIAL
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Fi- 2Decomposition rate for SP."O and Sp..9q 4Z0- legt
of 0.020-inch silver wire czatalyst. S0-mi sample at 600C)

SS.

a 41 .0 2 4 $ .9 No
VOL1A or Ox'U'I tvX~VID (LITIOSI

Fit. 3 Silver 100s for -Ml-90 aud SP-99 (2.0-cm leugth of
0.020-inch silver wirt catalyset, S0-mil sample at 60*CI

Iacreaued estaillrt surface u&Seb beCoame assuable &W io 6w gaserutim at Sw ortlhles
sharply increased O. decompootttern raet ai *0 ruMsl had to be womitors closely at This
"pat is order to prevents a mway tessreeWator rise. WormaUya rum would be stopped
'-rto to thisg Plate slinc te OttOWU Iresee. in cutalyt zreA -uld tInmlidate So- data.
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in the catalytic decompopition of SP-90 the sIlw~r tona and the startin% activity- were
les'. than those found for any 9" peroxide Produced by normal coimmercial metlusip, it
was felt that the low values for %hoac properties were due to the absence ci certain mate-
rials since. the. SP-90 was a particularly pure pero7xtde. Hence the conclusion re.1ched
earlier on the basnis of its conductivity that SP-90 ts a high quality product ios upport&u'
ihy the catalytic decom~oeiiion behavior.

The effect of sample femperature mn the catalytic decompositlo. phenomena was
"stded. Although a general trend was found for the relationshIp of teuparatwe to stariting
activity, the trend -a the reverse of that expected. As shows in Fig. 4. the starting rate
for SP-90 at 200C was higher than that al 40C, with the rates at Oft, and 859C failing to
still lower levels. Tne maximum rates at the four temwperatures were similar; however,

* ~these maxima were reached progressively earlier as the temperaturv was lowred. The
silver toes s w. also dependent upon the temperature of the peroxide. This Is Illmatrated
in Fig. 5, where the amount of catalyst lost Is plotted spInAt the volume of Oxygen pro-
duced. The amount of siliver dissolved decreased! as the temperature via raOse.

* -~ d

two ua asetnml,"dces0nsatigdcmoiinrt sd epr
atureto icreaed ad theincrase s ac iviya h oo, onetaindces$

Th P-0pro~e nnt nqiet M"rspit, u bcm o t hg qaiyti
unusual- beavo Ismr rnuio.?eepaaionavne yBtdad8ih(

for ~ ~ toepeoeaIthtudrcranirussacsa aoimfl f!Uw the~

apparent activit of sh atples. tmoetre onbte descripomtion ra ths poble willbi

deoIAtohsbe sonta the diesls&i* lquths rhaepatal.cdcmolanof84 nsie a

twounsua apetsnael, te eceas I sartngdeompsiio ra s hetemper
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S2. . it s oi n chenmical species which pyroPhosph•ate assumes in
W% peroxide is not known. It is known thai equivalent amounts of phosphorus added to
peroxide as either pyrophosphate or orthophosphate produce comparable effets on the
catalytic decomposition in an engine (17). Front this it can be concluded that one of these
phonphate ion, Is cunverted Into the other or that an equilibrium mixture of the two occurs.
Since these two are equivalent In this respect, the present study wait sade with ortho-
phosphate.

It earlier work at this Laboratory. it was observed that phosphate increased the decom-
vnltttm rate and the amount of silver dissolved (10). An apparent inhibition was also foundat phosphate concentrations in the range of 2-4 mg/i. 1r•e behavior in different samples
was not consistent, howevor. In particular, the decomposition rate exhibited considerable
variation among different stock samples even though their phosphate concentrations were
the same. It was thought that this was a result of the presence of other contaminants In
some of these samples. The prsent study using SP-90 ha, clarified the picture and the
role of phosphate can now he detailed accurately.

ft can be seen from Fig. 6 that phosphate sharply increased the rite of decomposition
if SP-90 in the Initial portion of a run. The amount of the Increase was dependent upon
the conc.ntratlon if the additive, but the maximum starting rate was attained at a concen-
tration of 2 mg/I and the trend in the activity was revers .d .t highe" concentrations. At
the higher phosphate concentrations, It has been found that the activity remains low through-
out the run. This Is In contrast to the behavior of SP-90, which showed an Increasing
decomposition rate with . decreasing RI 0 concentration. Figure 7 Illustrates vividly
the effect of phosphate addition on starting activity. I 0

-,o - 0 ya mp

Fio. 4 - fflect tdl phoephte oe th decomposlition rat. of
5P-90 1(.0-om length ad O.OZO.imch silver wire catalys.t
!,O-ml sample at 60eC)

Tihe effect of phosphate added to UiP-40 on the loss of silver from the wi~r, catalyst
wa taIO spectacular. Roweve. e reversal in eats which was fousd ftis the sctt!i'y did
not occutr, Fitgure • shows that thelii slser was c lose tor inea function of the Ikon-
phate couacetration The eatent atr silver solutiom became estremely hilgh at 4 mg/I.

C0WM3T!~MIAL

I o "4K •r • •• ?

o ww or 0 0 S 0 0 0 0



COWe7IDED TIAL NAVAL I1111ARCM LAIOiATORY 11 4

P 20 10 *0 0

r1ig. T - Effet'ct of additive coVIcontrAticn a( Phosphate, and o)f
aluminum o" tho starting activity of SP-90 (Z.O-rrn Jea"lth of
O.O70-inch silver vttre catalyst. 50-rr] sample at 60*C)
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rig. I - Effect of adiditive con acent rat io uso phosphate &ad sf
Aluminum on the silartlose actingvityea~ of Sp-"(O-r lnthrof
90.0o?0-in e ent o OOo-ch silver wire catalyst. 0msapet6cC

n-- - 4V

- AIqq_ Mj
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III I
0O 4Sl 05

SO-Pd sampt1le at 600C)

3bodkb at •IM ms*A sllves catlyami decoupwltas of bydrogp. per Mie a d h that00 1e"a -blMy of silver w9M decreo&ed whom tU pl mas ralsed (13). M thM promloe Satto aition of aUllml milght alno deimme Nse rsd aof silver solutiom, ram were mud wilMOP-O CemlIabd varyitg amotiw to ardtum hydue•uO. it us found Owta decrea"s to
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catalyqs loss could be ochleved e•en for proxrt4- samples contstnl.- Inphosphate. 7te .ar!.
atlon in the solution role as the apperent p5 war Increased is depicted in Fig. 9. A slight
decrease in silver loon was found as the apparent p5 we, raised to about 2 but above this
value the decreamse var accelerated. The adjustme t of the pH alms effects the storage
stability of hydrogen peroxide and. undortunately, the quar.ity of alkali necessary to redsce
the silvr toas sufficiently adversely affects the iliability. Therefore, this means of nulli-
fying the phoamhato inWluence appears to be of no value !or practical applicatton.

"th deomp•os~aitio tof SP-90frm90 t
l SO-ogDSami at 60,C)

(2.0-cm length d 0.020-in5ch Btlyer w'Ire cata-
lyst. 50-m] ~pi t lC

Aluminum

The importance of aluminum It the present study lies is ie fact that moet contaitere
for shipplng mia4 mtoring hydroies per-mide are fabricated from aluminum or I1 alloyW.
Although aluminum in hqgly resistant to peroxide, It Is coecetvable that small amounts
could be picked up from these combiters. Eariter studies to which produmcti samples
uwu-w uned Lhd lnI Iatsd that. the presence el as~ivinm L% the par M__W did met Mltur the
catalyst loss but did increase the dseompottion rates (10). Thk p:eset "rark I l-oed that
very small tameown, o slsmims blieresned bort the deeompl•ain rate - SP-90 and the
solut in rate of th, Mvlwr catalyst. Altemeh tese phsveno as were observed at aluminum

CONFIDENTIAL
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concentrations up to 0.5 mg/l, no significant change was observed sbov* tisa value. "
daa tor the starting Activity plotte~d in rig. aMW for tesilver lose plotted In Fig., show
th magnitude of the aluminum effect and the leveling off encountered above 0.5 mg/l. The
deomposition rate in the plateau ragion was about six times that of SP-90 while the maxi-

mum silver loss was only four times that of SP-90. A comparison of the Linfuenco of
auminum with that of phosphate on bit, catalytic decompiallion phenomena shows that the

mxmmdecomposiltion Waee were about the sam but that phomashate was much more
matrimenta than aluminum with respect to ailver long.it

Tin

Lom coinmcnbtrtion of stannats are sooretlmee added t Sprxd oic~s t
stobilitty In storage. Previous work showeed thbth tin :-lgtut he detrtme"Lal to the catalytic
"dcomposition at peroxde since It increased the amount of silver dissolved and seemed
to cause some Wlmbtttos at low peroxide concenmtrations (10). This behavior, as well as
as Increase in starting activity, was verified for SP-00 to which tin was addeod. However,
aso a sample of OP-90 contsainin tin was allowedt to agle, thes peinowelna became les"
pronounced. to fact. 24 hours after addition of as much as 5.0 mgAl of tin. the catalytic

4 I decmpasitton behavior could t0 be differentiated from that of sindoctored SP-90. T1he
change in sarating activity with time is depleted is Fig. 10 wbIle the aging rate @as measured
by the silver twos Is shown in Fig. 11. The extet of silver solution decressed slightly
faster tha IMe decomposition rate. The appaent pf eamrt a aslilot control over the
rate of aging. Thus at a pM of 1.3. the effsets of Un were apparent for a longe storage
pertod than at a pH of 0.95. It Is seen in Figs. 10 sod 1 tat the differeceve were quits
small.

as~~~ I*o,?:

I

Fig. 10 E ffect of aging timeon sote salrting activity ad SA."0
12-n ... la-. e .- Oý=---ita.. w...T. SC.i .enipOr

at .6O0C) 
.l
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rig. I I - glier loos vw &piin time for the catCvtic
decom~position of SP-90 from 90% to 00% IZ.0-Lmr,
length of 0,0'0-inch silver wir. catalyst, 50-mi
sample at 60C)

"TUDIES ON MATERIALJ WRICIH DO NOT ALTICR
THE CATALYTIC DECOMPOSImTr4

Two tommos salatm, sulfate and Ottrats, were Iicluded In this study althdaoh previous
work had Indicated that they were not participating In or altering the catalytic decompoal-
tton of hydrogen purailde (10). Sulvure a md nltric seads are widely used chemicaLa and
trace smoints of sulfate or Nitrate Iona might be picked lp during proesstig, transfer-
rinm, ,r storin of paro•ide. tither acid might be used to adjust the pHl during the mau,-
tacturing prores" and both have been favetpted as Pckling @Cents for 1almtnum storagO
containers. 8ulfat, in an tegral .. rt of the electrolytic production system. Nitrate
could easily be formed by xidatiotm a• y altnogft-tontainlng material introdtud lainn-
tionally or ascMently Into perasIde. These conmderations supported the meed for
re-deflning the rote of sulfate and nitrate.

Th* results of the preet weri ume•r UP-S0 cootim the conclusiaos of the earlier
work. The adittimon wre iado to give comcentrations of either too up to 20 ngA. No
anomalies were observed In the tatalytic activity or the siver lass at this concentration
or at the lower concestratione shatued. Thus it was concluded that both tom were entirely
Innocuous, at least In Ohli study om the liquild ptse decompoettice.

HERAVIOR OF PlROKWI IAMPllM
C(O4TAINIDC TWO OR UMS ADIDITIM

tince commeref W% puro• miglt be aptc to n mcontain more thie one contam-
malt, stt.dLes were bade with SP-" cWtai•g two or more of the probable Impurities.
in particular, combloatiems 01 smta. phoe*Amto, and alumintm, each 01 which affect
to* allwev _statysed deeommitton. were Inomteaetsd. Also a rilef search was made for
lone Which Might nullify the UaNdeetrabt effects it phosphate.

COFIDWNTIAL
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Phosphate and Tin

A freshly prepared sample of SP-9O containtng 1.0 mgA/ of phosphate and 5.0 mgA
Sof tin exhibited high starting activity and high eilvr laws. Also, in the latter parts of the

run inhibltion was ohserved. These effects were mlory e proncounced then those
observed for a sample containing 5.0 mall of tin alone. A strict comparison a the
hehavtor of the two samples was difficult beceuse of the aging phenomenon tzhiuaukd by
peroxide somples containing tin. The aging effect was also observed fwr the tin-phosphate
:ombination. Figur,' 10 and ii indicate that the aging rate wasn fairly rapid. The net
effect was that tho behavior of SP-9O cntaenng phosphate and tin had returned tu that of

Sthe stock material within 24 hours af*er addition of the 'ont.

Ptoephst, and Aluminum

When bot,• aluminum and phosphate were adde to SP-SO, the sample reacted in a way
intermediate betwesn that of SP-00 plus aluminum and SP-90 plus phosphate. TIh concen-
trationa chosen for study were 0.5 mg/I of aluminum @Ince this affords the maximim influ-
ence attained by this element and 1.0 mg/l of phosphate because even this low concentration
Is higher than desirable. It can be asen 1i PIg. 12 thai the deffect of 0.5 mgIA o aluminum
on the starting decomposition rate of SP-00 war•n eater thin that of 1.0 m•A of phosphate.
The sell, Iti oa a sample contaLinin bat. fell in etwvosm. The magnitude of their efltcia on
the catIlyst loss for IPS0 is shown In Fig. 13. The influence of 1.0 mgIA of phosphate
was eter than 0.5 mgIA o aluminum in this e"s but thp combination of the two apin
fell in the Intlrmedlate area. 7he sampie cntsinbtII aluminum and phosphate coittinued
to ilvl the sam decomposition phsm~nam after ron days and It wAs assumed that no
further reaction occurred between these two low after the initial mixing.

NOAMI.i

0 ".Pný'0 WI r LU-Uw4

rig. I Z - Effct oi additives the decompositime rate of SP-"
(2.O.cm iensia a! 0.02-0-il.ch SUVCiF wit. CatulySt. 150-md sampli
at 609C)
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TIg. 13 -Effect of addlitjyg on the gilw,, losse
01 SP-"0 (Z.0-cm I a n i Ih a( 0.020-Inch sUevq
wife catalyst. s0-Mi sample at 600C)

Ti mand Aluminum

When 5.0 mgi Of tin 20110.5 MCA at almisums were added to UP-N0, Sn uilver $,te
mWW the starting activity were Inceased relative to 1that of tOn stack pe oxids. The 911wer
[mes was Is" thAN that for tsm alene but graster than Not for 0.5 mg/I of aluminum.I
starting activity irm cnsidberably les tea that of MP- conaininlg eiller eloemest. Tbe
aging pattmn, for this On-alumstnum preinratiom was iscomtstest. Wham tested ~ie faur
days, It wasn fon that the silve taws mad activity had decreased appreciably and ere
approaching SP-" to these respects. A reversal is aging seemed to occr miter this
initial decreae" since the catalyst loss and starting activity miter eleven days VWe reapter
tham thome obeerved far the -Sd sample. Untto chainge occurred Is an additional six

days. Since the overall offeact traw mat stunning, the study was mot praua further.

Phosphmate, Tin, and Aluminum

When a fresh samVie cuea 1 a 1.0 mg/i of phamphols. 5.0 mg/I of ti, mad 0.1 mg/i
of sliminesm was teeted Is the santic evaluator, a catelymi lass fear tims that far SP-90
was found. Thin decreased slowly with Usme so &thatfmter 26 djay the catalyst two was
three tiawts that for the undeclared pereaMe. The starting activity for a Ira*h sample was
slighttly higher than that toe SP-N0 bet this miss decreased with ago sad differed little from
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SP-90 after slanding for 28 days. Tb aaytcatviya6. t ao,.smwa
inhbitd b ths smpl Whn te ernkaide concentration dropped to about 75%. Hence

the decomposition rate was quits low at concentrationa lean than this. Aging for 211 days
shifted this Inhibition point to about '70% rnncentration.

Other Additives

Some runs were mad* with a stilt amor complex aystaim. Five mg/I of nitrate and
five mg/I of sulfate were included in the additive mLUxlre con'aini ig the phosphate, tin.
nwiq'.., The thohvlnvr of the kinogrid material containing the five contaminarts was
very clode to that of SP-90 with only Al, So. and PO, added. The sulfate aid nitrate did
not Veally iffect the aging phenomv.:Am either, although the cl'ange In st~irtlny. activity
did not show the trend found for the aluminum-tim- phosplute combinallo.,

Search for a Phost.6ats Neutralizer

4 ~The serioul 'eaeequncea of phosphate Pontamination an the siliver catalyzed decom-
position *ý hydrrq-n. poroxid'j stimulated efforts to find a means of counteracting this Ion.
Adjoistment of 9tn& p4t it. . nigher value controlled the influence of phosphate but adversely
affected the -tablillty of the peroxide. Addition of alannate seemed to partially nullify the
e4ffetsa of phiosphate ion If a short aging period was permitted after the mixing. Aluminum
was tound to partially block phosphate in that it reduced the aslver Ionis due to thils anion.
It was hoped that a material might be found which would remove or Ue up phimphate yet
not participate in or alter the catalytic decomposition. Obviously, a requirement for such
a material would be that It must not decrease the stability of peroside. *

The possibility that phosphate would form s W sall ch woo tisolubilt in W0% hydrogen
peronido seemed to be a promising approach. The ability of aluminum to counteract
phosphate might be due to the formation of alumimama phosphate which could have low
solubility in peroxide. The solubility of phosphate salts is water was used ma the criterion
for selection of cations for these pearimest. Since muit heavy meta1s and transition

4 metals are good catalysts for peroxide decomposition, their tons were not consldier'd. The
neutralizing capnibilittes of aluminum. the most promising of the Group Mf elements,
warp rcported aboe". Thus the choice narrow down to the alkali end alkaline earth
moetls. Only lithium of the Group I elements baa a slightly soluble phosphate while ell
the o. oup It elements form phacphates which bmwv a low solubility in water. On this basls.
dilute solutions 01 lithium, magnesium, calcium, or bsrium @alto were adde to SP-90 and
tested in the static evaluator. Table 3 shows that these low were essentially inert as far
as the catalytic decomposlt~on belisavios of P-11O was concetrned.

r When 1.0 mg/I of phosphate was also prevent along with one at these cationis in SP-9O,
the typical behavior of the phosphate manifested Itself as is seen in Table 4. The catalyst
elfficiency, as expected, wea Pomewhat prester than that for 1 0 mg/ 4A phosphate alone
but still considerably loes than that for undoctored SP-IO. to the", studies the concen-
tratiom of the cation was present in excess, heoce further addition would sot be expected
to Improve this situation significantly unless quilli hidh canentratio" ad these salls were

4 ~permissible. It is seen In Table 4 that with Mke exception of the barium sample the catalyst
efficiency for these samples remained thes -mve or decreased with age. The desirable
intr*eawaithibited by fth barium sample was clouded by the fact that inhibition of the
catalyst occurred Woen the peroxide coamceb'attin dropped to abo it BM~ These cottons,
which failed to alter the decompositia. rate of SP-90 when present mloes, combine! with
phosphate to Increase the starting activity. This activity was increased still mar6 when
the aged mampies were used,

CONMIDWIMAL
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TABLIC 3
Catalytic Decomposition Phenomena for

SP-90 Containtng Added Cations

,.oncentration of Cation Catalyst grficiency" Starting Rate
Cat� .,,ki. (mg!i) (cu ft of O!1g of sliver lost) (mr ouO//minl)

None 73 64

Lithium 1.0 69 I1 J

Cicium 1.0 56 74

Barium 5.0 50 s

Mawnelum 1.0 57 68

"2.0-cm length of an .LOn0-inch salver wire catalyst in 50-rnl of 90% hydrogen
peroxide at 60"C

I 0

TADIX 4
Catalyftic Decomposlt•to Phebomere for OP-90

Containbg 1.0 m/A of Pb•lsate Plus Added Cauloas

ConcentraUon of Cation Age Catalyst rfficleuey* staruft nRte
Cation Added (m/i) (days) (CIA ft of Oa/u of sUver lot) (m= of 0/min)

None 0 14 136

LIthium 1.0 1 22 11t
1.0 5 14 327

Darium 5.0 0 is 0ot
5.0 5 31 383

Calcium 1.0 0 21 429
3 21 466

Mazgalum 1.0 0 31 918
4 16 483

Z.0-cm length of an O.0ZO-inch sIlver wire catalyst in 50-mJ of 90S bydroges
peromnde at bO6C

CONMItNTIAL
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DISCUSSION

The informatim presenited In the preceding sections shows that the liquid phase decom-.
position of hydrolren peroxide on silver is a very sensitive phenomenon. The behavior of
SP-90 can be altered gre atly by the addition of minute amnounts of certain Inorganic low:~,
yet it La Immune to other ions. The decomposit~i~ rate for SP-90 increases an the peroxide
concentration decreasesi and also as the sample temiperature is lowered.. In order to under-
stand these and other phenomena, a detailed mechanism for the catalytic decomposition of
hydrogen peroxide is necessary. Although much is availabie in the literature concerning
the decomposition of peroxide by homnogeneous catalyst, studies on the kbrw tics of heteroge-
naeou catalysis art few in number -ind limited In scope (19). Any proposed mechanism
must thus be composed I-om conjecture and analogy.

The Increase in the decomposition rate of hydrbgfen peroxide as the concentration
decreases nas also been observed by Smith and Beard (16). They propoeed that this is due
', a vapol- onveiope which surrourda the catalyst at high peromtft concentrations. 1-i their
concept. titey consids-r that the heat release for the decomposition of high strength peroxide
heats the silver wire to a temperature higher than th boiling point of peroxide. Liquid
approaching the hot wire ts vaporized. The film resulting functions as a ",arrier for the
transiz. of heat from the wire to the bulk of the liquid and for the transfer c4 peroxide
from the liquid to the catalyst. This Is analogous to the film boiling phenomena associated
with a liquid on a very hot solid (20). Under such conditions the heat trans er rate from
the solid to itt@ liquid is low because a film of evaporated liquid forms and Insulates the
solid. When the liqukid-olid temperature differential is less, the fil-~ a not continuous
and the liquid makes more intimate contact with the solid hence there is a greater transfer
of heat.

The effectiveness of the vapor barrier is the peroside-sliver system would depend
somewhat on the peroxide concentration. As the concentration drops there would be a
greater number of Lasrt water molecules to interfee with the efficiency of th catalyst
and more of the neat of reaction would go Into the vaporization of the wate-. Therefore.
the wire temperature should tall and the gas film become teo" restrictive - un pro-
gresses. The Increasing contact between the liquid said wire which wcijld result explains
the increasing docomrastitci rate observed. Smith and Beardt sho wedta the catalyst4
temperature can ran~ch a value above the boiling poit of peroxide and thwt this temper-
ature decreases to the boiling point as the peroxide concentration decreases.

The Increase found in the p.resent study for the decomposition rate as the peroxide
temperature was lowered is also explained on the basis of the vapor barrier. At the higher
sample temperatures * the liq"id appraoching the silver catalyst would not absorb as much
heat in being rained to the boiling point and thus a more extensive gas film would be formed4

¶to Interfere with the effecttveness of the catalyst.

Thes stlver which Is lost by the catalyst during do decomposition of high strength
hydrogein perimd Incerses the c ndutivity and the appaernt pH of dou porcaide (2 1).
This indicates tbat the catalydt gones ito solution as Jnie slivetr sad that hydroxyl or
perhydroxyl low awe formed. Tbe eaOntinu stripple of silver tomi from the surface
moeso that the catalyst Itself modelgos a marked IcI ug.Aring the PON wie decompo-
sition. Although the catalyst used in these studies loese a sigmffleas percestage of ItsI
weight, the nmibew of moleculese of Omygo predcad per saof silver swturing 1he solu-
tion In about 10,00. Thin ratio inmatens fairly emisant (wv my particular sample to the
perCKO xi eS~ ccetrafl duCruM.M It is thereore pMOssO that the MC".amt CC ilverT with-
hydrogen peroxide Is the Initiating step of a chais reaction. The picture visualized is one
in which a hydroxyl radical is produced in this step, similar to the electron transfer skP

COKFIDIETIAL
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sultgeste by Weiss ior perumide decoumposjitinan a he~rtrogeneous catalyst (21). The
chatn propagating steps are considered itc be thtso two frequently poshulated for peroxide
decompneitiom in whitch porhydroor" and hydroxyl, radicals smue produced (19). A cenven-
tiona! combination of two free radicals io proposed as a possible terumlination step.

An alternate mechanism to conmidorr is the reversible oxidation-reduction sequence
for silver. In auch a system.. peroxide iacntiofh as an oxidizing agent with atomic silver
and an a reducing agent withm Ionic silver. The net effort in an unchanged catalyst and the
formatikm of water andf oxygen. Dazendale discusses the participation of ferrous and
ferric tons in the homogeneous decompsltiom of hydrogen peroxide by Lran sells (23). He
hae concluded on the basis of stimetic studies at very low peroxide concentratlmis that both
ions can play Important roles in the decomuposition of hydrogen peroxide A muechanism of
thinstype involving satmic and divalent silver has been set forth by Wentworth (18). Such
a scheme requir.. thait each silver atom at the surface of the catalyst undergo a complete
redoax cycle In live micraeecoumids to account for the observed activity in the studies reported
here. A mechanism requiring the performance of thin complex behavior in such a short
time In not as attractive as the chain mechanism presented first.

In an effort to tie the precedifg th00gits together. a possibl, mechanism Is presented
for the silver catalyzed liquid phase decompasoition of hydrogen peroxide:

A. 3,0, (bulk liquid) - 3, 01 (silver surface)

3. R, 01 + Ag - Ag+ * ON- *Oe (chain initiating step)

Cl. Ole +160, -00II1e , I *
(chain prompagting

C2. 009i.+wool Ole.H,0.0, steps)

D. Oilf + 003l' -6 0.0,C (chain terminating gt*P) .

StpA is a d~ffusio process which becomee a limiting factor wtNe a vapor barrier
surrounds the catalyat. The attack of peroxide on metallic silver predu-ce-s a free hydroxyl
radical In reaction 3. ?Thi species abstracts a kyqbge from a moecule of poe-ro me a
shown in step Cl. It in propmse that the perhyiroxyt radical Gethi ore continues tte
chain In stop C2 by reacting with additional pm caMis to pr oduce a mew hydroxyl radical.
The aboodancea of peramide molecules makes the repetition of reaction C1 sad C3 very
prolaable. T'he length of thin clanin souold be I*" at high pelramide coucentratloma but
could be terminated by the ceasolosmia collision of two free radicals. The latter might be

4 a reaction such so that illustrated tin step D.

An eamntatiatm of the -ole of aditives Is wow in order. It has beesi seen that tin,
phosphate, and aluminuma Vvshy becrmase the starting activity of 1P4@0 although they do
h~ot Increase the maximum rate attained In a rum. Smith and Deian observed this phienom-
oen for atamiate, and alum'i (161). They onested tdot thees manterias, which form
colloidal solutions, were rsIftiacsntg to dinrupt the apor barrier thes allowing a higher
rate of reaction betweven peroIde aod the catalyst. 7Ther proposal seems to be reasonable
and a result of thin would be that the robe of step A would be accelerated. The isgrv of
this acceleration should iacresse with the easceabaitiom af additive. This won found to be
true experimentally at low coaesebationas of tin sand slumbium, but the starting activity
was --* further '--eas-' by addtions above certai amournte. This might be explained
If It is assumed that, in the ahesmee of a vapor barrier, the rate for step 31 of the mech-
anism is slower than the "ate for step A.

COMI? 3 WYAL
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Phosphate probably remains In the ionic Aslae In poroxide and Its ability to Increase
q'Pe ý#$rtivng aci,,;t 1 cso t A5 .~ *:e~chanism not 'shtbited tby tin or alum-
inium. Noiiethel-qq. It 0% thought that phosphat, ia active at the liquId-solid Interfacs- and
IN capable of diqr-jpting the gas film in Its. own way.

It should be noted that ['- film boiling phenomenon referred to earlier Is sensitive
to 'he type and condition of th hot surface. Akin and McAdams otuserve4 that film boiling
began at a higher liquid-solid ,ýmprrature differential when a steel tube was covered with
scale (24). The effect of interfacial tenriona on heat transfer has been discussed by Larson
(25). His theoretical considerations show that both thi. solid-liquid inturfactal tension and
the lI quid -vapor terq Ion would infliuence the heat transfer. It would be reasonable to sup-
pose that the precence- of phosphate could materially affect both the liquid-solid and liquid-
vapor interfscial len~iions and thus influence the r-ate of heat transfer in the system. T1,1
in turai ct-ild readily affect the starting activity. However, it ina difficult to rationalize why
this beharior should be limited to phosphate aid not be exhibited by other anionic species
such as sulfate or nitrate.

The decomposition efficiency of & slver catalyst was decreased If aluminum, tin, or
phosphate were added to SP-9O. Thus the volume of oxygen produced per milligram -.f
silver dissolved decreased if any of these materials was pr-esent. The observationt on
the effecta of tin were not amenabl, to quantitative evaluation because of the rapid aging
exhibited by atannate in peroxide. The magnitude at the influence of aluminum on this
oxygen- to-sl~ver ratio was dependent upon Its concentr-ation. When a definite concen-
tration was exceeded, no additional decrease was found, The pattern of Increase in the
silver loss was similar to the increase In starting activity for SP-00 to which aluminum
was added. This could Indicate that aluminum affects both of thert properties at the same *
place in the deconmposition mechanism. At beet this conjectur* In highly speculative.

The efficiency of the silver catalyst wasn sharply r-educed by phosphate. This is Illus-
trated in Table 5 where the number of m-ý"Ic-ulos of oxygen evolved per atom of silver going
Into solution Is Ilinted for vansou phossphate coricewifrtions. Henceo, even thou!:% Ii. wasn
seen in Tig. 0 that the starting inte for SP-9O exhibited a reversal at 2.0 mg/i of phosphate.
the silver lose based on the volume of oxcygen coatlaugs to rise. It 13 propo-1 that,
although the phosphate probabiy increanee the starting rate by diss ipting P~A vapar Ivrrier
around the catalyst. this anion influences som, of flu reactions In t~e decomposition proc-
essa. tn the model mechanism proposed earlier, a decrese" in the rate of st-eps C or An
increase in the rate of stop D woud decreae" the ratio of the rates of the chain propagat-
lng to chain terminstiuig steps. The net effect would be that which was found experimentally.
However, It Is also possilbe that the p~tosphate could Introduce a different chain termin-
ating step so that again the ratios of the rates woud be diminished giving the same overall
effect.

The experimental results wore givea for thW samples containing two or more additivos.
It Io noteworthy that tin, which is innocuous aror a period of aging, can effectively counter-
act phosphate contamination, Aluminm ims also seeful in tying up phosphate but faits short
of stannate Is this respect. The, chemistry of these initorcttoss has not been studied and
what mechanisms have bass suggested ore too speculative to be considered bere. The three-
additive And five-aditivo, systems studied are probably too complex to evaluate even qual-
itatively at present.

The "crash program5I os hydrogen peroside which has been sponsored by the Bureau
of Aeronautic@ includ-ed thwe comparison of labtwaorsy evaluator& with each other and with
rocket engines. The two evaluatorm utilized in this cooperative program were the NRL
static evalfiator described in this report and a low pressure flow system developed by

COWIDKWNTIAL 4
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TARt_ 5
Effect of Phosphate on the Eflciency

of a Silver Catalyst*

Phosphate Concentration Molecules of Ouyxen Evo!ved
(mg/I) per Atom of Silvae Dassolved

0.0 9900

0.1 7790

0.25 4500

0.5 4090

0.7 32(10

1.0 1900

2.0 700

3.0 500

4.0 200

Z.0-cm length 0.f an 0.00-inch shver wire catalyst I *
rt a S0-rd eampiý -' 90% hydrogen pero~dde at 600C

Becco. Both systems were designed to study the liquid phass decomposition of peroalde n
a catalyst at atmospheric pressure. Tb. static evaluator was used in the stUdies at this
Laboratory while Becco, Reaction Motors, and tCe Naval Air Rocket Test Static. uade
their tests with Beeco low pressure evaluators.

Table 6 lists data from Dies. four establtshments !or samptes with ate same ccsm-
tbations of additives and a fine salver catalyst (17). It La seem that the catalyt efficIency
for any one sample was of the sam order of magl.tude at the four laboratories. Further-
more, the decline in efficiency as the phosphate conceicration increamm was gemerally the
same. It is concluded that the simple Static evaluator can give reliable results be oily
ta- comparison of the liquid pohme decomposition of peroxide sample to of primary concern.
On the other hand, the low premssre evaluator is a valuable tool for assessing the quality
ef plated screen catalysts for engine appllcations.

"1%e laborstory evaluators can give kndicatlou eoncerning the enginw behavior of
peroxide samples containing certain coatasalunts. The best exnmple o( this In the phos-
phate ton which greatly decreases the catalyst efftciency in a laborato'y test and also
shortens the bed life of a rocket engine catalyst. Tin appears to exert no effect in both
systems if aged sampleo are camidered. There is some evidence tMat nitrate may give
trouble in an engine it ts co ceutrdo-. ins W0 mag/ or higber. Tne ilboraitoy •ea.izindi-
cated that a concentration or at least 20 mi/I could be tolerated. Clear-cut differences
betwen laboratory expertments and motor tests were fomd for samlres containing
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TABLE S
C r,- of .Co.--..-z'1*' Efficie-Ie- for Sl!ver

Obtained at Various Laboratories

Cublc feet of OxYlze E voled per Gram of Silver Lost
SAMPI E Static Evall'Itor LOW Pr ssure Evaluator

NRL NART3 RM1 BECCO

SP-90 73 65 77 58

SP-90 + 0A mg/I of PO, 62 .- -- 40

SP-90 # 0.25 mg/Id f P04 36 .. .. 32

SP-90 O.S mg/I of PO, 36 . 25

SP-90 + 1.0 mg/ of PO 16 1 ts 23

SP-90 * 2.0 mg/I of PO, 6 14 10 --

SP-90 - 4.0 mg/ of PO, 2 -- 0.3 --

SP-90 . 0.25 mg/I of Al 39 .. ..

SP-") + 0.5 mg/I of Al 24 -- 25 27 S

SP-90 + 1.0 mg/1 of At 20 28 23 --

SP-9 + 2.0 mg/ of Al 22 30 23 --

Sp-" * 5.0 mg/ of At 20 32 -- --

SP-90 + 10.0 mg/I of NO0 73 -65 64 63

sP-9 O 10.0 mg/I of SO, so 691

sluminum or sulfate. AlumInum tI a concentration of 0.5 mg/I did not affect motor per-

formance but it did cut the catalyst efficletc? In the liquid phase decompositUon studies.
The story wis reversed when tlo coitaminist wos sulfate. The laboratory rum gave so
change from the performamce of OP-90 but 3.25 mg/I of mulfate was the limit for atits-
factory enitne operation.

It thus appears that the presently used i••abratoy evalhatorl will lot always predict

the behavinr a a paroxid. sample in a rocket engine. Sa.e tee systems enmne only
ate liquid phase part of the decompositton, It sem rsamsomble to expect other factors to
piy some apart in the hilh-4emperaturo portio. of a eatalyt bed. For iastance. the detri-
mental effect of sulfate appears to be a physical one in which the high-temperature part
of the catalyst bed becomes plugged with a white fluffy, deposit of sodium pulfatt. In the

CONIIDENTIAL
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l aboratory evaluators the sulfate stays in solution because excess liquid is nyu liable bui
in the # 'gnw the solve nt is decomposed and a-2poratod leaving the sulfate -tali behind on
the catalyst bed. This particular salt accumulates in the bed since It is stable at the tein-
permiures involved sol apparently In able to adhere to the catalynt. Other deposits which
are decomposed by the high temperature or do not stickt to the bed are swept out.

The difficulties associated with phosuphate contamknatinn con be tr2ced W t- abt t
to Increas* Ums, ooutl.n rate of silver to peroxide. The screens are stripped of their cats-
lyst in a shorter time than Pommml. If the siliver in carried all the way Into the rocket
exhaus,~t the catalyst mwill b-come depleted more rapidly and eventually incomplete deco.-
position of the peroxicde 6111l be the result. It han also been found in many cases that the
silver remaina in the bed me a deposit In the lower sections. Frictionnal forces build up
In such cire-mstafices and decrease the flow rate, In either event, the effect of phomphite
Is highly del terious.

The rerleposition cot siler on the catalyst bed may be as &mail particles or on a thicker
plate on rte J'wat~rea-n acrees=. 9uch behavior is similar to that found In the laboratory
tests when 'Ito siliver r'precipitated as the peroxideo concentration decreased.

SUMMARY
Theo decompoition of high purity P0% hydroges peroxide on a silver catalyst was found

to be smestive to eortain inorganic contaminants. The rate of decomposition &ad We cats-
lyst ioses were aitersti by mtmae amouats at phosphate, stamiate. or aluminum loss but
were I mmuse to suif ate, and satrate lase in the peroxtide solution. The effect of tint was
subjet to aging so Ment its lailuesco was asuligibie one day after It was added to the sam-
pie. Aluminum iwc'ossod Owe starting activity of the silver catalyst wn well as its solution
rate. These effects vwere observed at concentration of alumttieum below 0.5 mg/I bet were
not Increased by raising the aluminum concentrationshaoe" this values. The Increasag
siliver loss due to the, presenc of aluminum was; moderate. Whime phosphate Ion was added
to hydrogen peroxide. Oth activity was incrmeaei. With cnentsrations above 2 mgI, an

phate sharply magnified the amount of silver that dissolved to the peroxide sample The
cotalist eficlency wes cut by a fator of 50 at a phosphate concentration of 4.0 mg/I.
Attempts to control the undesirable Ianflunc of phosphate shovad Gmat addition of trin Wa
eflective in nutllfyin the abriomalltkes due to the phosphate. Addition of alumaumva low
or adlsas me. I of the apparent pH to higher valuee are less satisfactoiry miessas of partially
counteracting the effects of phosphate. t;

The NMI static evaluator gave, catalyst efficincies comparable to those found for
similar hydrogen peroxide samples Is the flowapparatus developed by Decco. Some agree-
Plant was also foun betwIem ftle laboratory study and rcke eagine teso. The major
discrepancy betee these tMe was found foir samples containin sulfate ioo. b the evalu-9
aloe, the sulfate salt remaains; solution and does "ot affect the catiflyst. In the engine
the peroxide in completely elc m to guseone pr odu sed ithe sulfate m"lt is deposited

* ~in the catalyst bed, thereby causing decreased flow rates of propellant. ~
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DETERMTWATIOI4 0f INORGANIC MATERIALS

peroxide it is often necessary to have reliable amalytical methods for .1-termlinng the con-

tr-tonsof hoseion whchaffeOct the catalytic behavior ao m~arkedly. The concentra-
tios f ntret relo ad hestandard volumetric or grvmti rcdrsof analysis
at* mpraticl. Clormetrc mtehodsi which have high sensitivtties were found to be use-

ful for phmht.auiunitrate, and tin. Turbidimetric and nepheloinetric methods
arewidly sedtodetermine low concentrations al sulfate In aqueous soluttions. Although
suchmetods erethe betavailable, they are stlill act too good because the forrration of

the ~rim slfae prciptat issensitive to a variety of factors.

Analsesforanyof lOs tons require that the peroxide be decomposed first since It
Intrfees iththeformation of precipitates or color. In some methoda. peroxide reacts

with the irganic regnsused, producing undesirable colors. The, normal peroxide
removal method involves a combination eva poration-decoamposition procedure on a steam
bain. V permissible. the sample is made alkaline to accelerate the decomposition rate.

In the prevent stud It was found convenient to use, the Lu metros Photoelectric Color-
4 ~Imeter, Model 402-K, for all of the analyses. Its seusltlvity was acceptable and Its design

permitto the determination of sulfate by the shifting- cuvette procedure. The latter is more
sensitive than the turbidimetrlc method. Burettes wore osed to add some of the reagents
slicoO tecomievaitratton of many of them must be carefully controlled. The varlous anaelyses
are treated soparataly below.

PHOSPHATE

Place 10.0 =l of hydrogen peroxide in a 100-mi Vycor evaporating dish. Add about
I m1 of 0.1IN sodium hydroxide, stir, cover with a 'peedy -Vap. and evaporate to dryness
on a steamn bfth. Wash dow the dish and cover with water and again evaporate. Acidify
-with 3).05N sulfuric acid (about 5 mi te sufficienmt to aestrallso, the sodium hydroxide and
ensure adequate acidity) and warmh for 30 ualsetee on a soeam both. Tranfer with wash.-
Ir se to a 50-mi votumetric flask, dilute to 40 al. and add soccesstvely from burettes

* 23.0 ml of 1.5% ammnslum molybdata to 10ON sulfuric acid and 1.0 mlI of 0.5'% stasmous
c hloride to 0.3W4 hydrochloric acid. Fill to the mark aend meamsure percent tranmmltlsace

toa 50-mm cell with a phmoteleebric colorimeter at 000 mlllimicrona 10 to 20 minutes after
final miing". Determine the phosphate concestratcan from a calibration curve.

IL- The final concentratlom of the refgmute. the pil of the final solution. anid the
lenUa~lo development time are critical Isthe mw'olybie am blue* methood for phosphate.0
The residue from the evaporation step to heated with mulfuric acid to convert any pyro-
phosphate to orthogthoaphate. The stmonavm chlorlde reagent should be prepared the some
day lilaI used. If a stronger reagent 3N Is hydroc loric acid is prepared. a portion of
this winy be diiuid i: 1:0 lfo use evory day. Th'ia ailrffozrd ecoxlWtent reqults.

0N.L.. Aliport. 'Calnrimttric Ainalystia L~ondon:Chapman and Hall,. 1947, p. I S9
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Place 10.0 ml at hydrogen peroxide avud about I nil at 0.114 sulfuric acid lin a Vycor

evapnration dish, Mix. cover with a Spred~r-Vap, and evaporatt on it uteam bath. Wash
d ýwn the JIMn and cover with distilled water and again evaporate. Take up in water and
trmnafer to a 50-mi volumetric flask. keeping the volume of washings small. Add one drop
of phenolphthalein and make )va~t alkaline by tM addition 31 0% sodium hydroxide solution.
Neutraliso uet solution with 214 hydrochloric acid and add. from a burette, 2.0 ini in excess.
Add 5,0 ml of 25% amnmonium acetate, 1.0 ml of 1% thioglycolic acid. aW4 2.0 m1 of 0. 1%
alumtruon reagent from burettes. Make up the volume to Nost below the mark, lmvwro*s the
flank in a thermnsate at 300C for 40 minutes, cool to roosm temperature, and *just the
volume to 50-mi. Weernure the percent branamittonce in a 50-mm cell at 515 mllhlmicroes,
setting a blae. containing the %ame Quantities of reagents at 100% transmittance. Read
thp aluminum concentration fromn a calibration curve..

f4_o4 - The determination rA alimisnu is peroxide with slusi.~on reaget "as dewel -
oped by Walkilea. Ansling, and Cofttll." Thit wasn used aso a basis for the analytical method
uned at thin Laboratory. The alumiroas rseaga was nopared by Owe method rec mmendeI
"y Snell sand Snell. t The sampling procedure io Important for alutniuum esine* sampies
c wredt dnpmudrn o them freauenthe dyve ancseaainm, beIrI theirteeetr were aiderd with
toryed ntauiu d rpns a m h pfan frqeth yhe aye aluminum od. hecetedireuft. Thre coodd ved -t

PlTace 10.0 ml ot hyirge proie an i sheabot I ml of 0.1 sNo"iam hydroxide in a0

100-mi Vycor evaporating disk. Utz, cover with a Speedy-Yap, and evaporate tv drynmess
an a steam bath. Wash iloa the dish and cover with distilled valor and evaporate. Re1peat
Ionic acid. Allow to steand 20 salmse thes9 trassfer coomb muisa waskiniin 60 a Walm
wolumetv ic flask. Fill to about 30 ml, the make alklmi.. by dropuise addition of comeeu-
Oated sammonta. Dilute to the mark. mia thoraftly. cloot, place In a 50-mm Coll. and
reed the perteat transmittanc at 420 mli~lmicrows. It may be necuessary be we a bleak
for 100% transmittance sloc esse bomatceus of the reagent are stlotly tMAr In alkaline
solution. 1%e sltrato concfhtioAe In determined by eteaeowe to a calibration curve.

Weote - The nitration of pheust diselfoni acid in awhydroe comiltlas Stves a alb"
ct:mpundW which Mer a yellow color is alkalize Wouton. 1 '%0 teig@Ma 16 Very asusi1tive
to oxidation. A drop of IS hydrogen pers wie solution will pe duce a brows or black color
whrem n Isceanct with thirn 11esol. 71m, ewe. roes Walo per1 A - must he decomposed Said
the sample muet be sablded from peroxide vapore during W* altration step. The phemo
diacifonic acid reagent wan obtained commercially but the lomer prseesi Ia tit. ragout
was not specified.

3. Waikdvn. C. IL. Auuting. and r-. Cattail. 'Daetrrmaatio. of Aluninihmi in Hydlrogen
Perftsdde.* Great Britaiun. Co~entical Inspesttrate, banietry of Supply, Report CI/Wnrr.aIt
tJunclasetfledi. 19S1

?F.D. 3.*'.l an.dC. T. 3"~ i. "Coeor~mofric Iethode of An~l, If ew York: Van Nostrand,
1946. p. 248

IN. r. Allpart. op. citv.. p. 14S
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T"Place 10.0 ml af hydrogen peroxide In a 100-mI Vycor evaporating dish. Add I ml
of 0. IN sodium hydroxide, stir, cover with a Speedy-YVap, and put on steam both. Evaporate

Ito drvness. wash down the dish, and cove, with distilled water and again evaporate. Cool,
add 5.0 ml of 5Nf sulfuric acid and then 5 drops ofthlolglycolic acid. Transfer with washings
to a 50-ml volumetric flask end dilute to about 45 ml. Add 2 drops of Itantomerne A and.1 mix. Then add I ml of dithiol reagent and again mix. Add S More drops of Santomerse 5,
mix, dilute to mark, and re-mils. Place in a 50-mm cell mad read p.rcenk transmittance
is a enlorirneter at 550) millimicrona aa comapared with a blank set at 100% transmittance.
Determine the tin concentration from a calibration curve constructed from data for stand-
ard stannous chloride samplea,

Pfot. - The method for tin to a modificatica of the ome developed by Farnsworth and
Pekola.0 If catalytic decompoition an platinum in sulfuric acid in used to remove the
reroxld., a yeillow color frequently Waseaferts with Lhe de-Irfid p6k iiiW. This yellow color
was not observed wh~en alkaline decomposition was used, hence this methmod of reducin
the pernxide was used. MTe Faramwairth.Pekola method recommends a final concentration
of 1.2H In sulfuric acid. Such an acidity was foud to deca-es tOe solubility of the dIspers-
Ing agent anid turbidity was encountered on wcasicm. A cocenmtration of 0.5141 sulfuric acid
was found to be suitable. The Santomerse S was used as received from Modsanto. The
dithiol (toluene-S,4-dlihlol) reagent to prepared by welgliiag 0.15 g of dithiol Into a 100-nil
beaker, addling I drops of thioglycolic acid, and them adding 50 ml of 2% sodium hydroxide.
The mixture Is stirred until the dithlot Po rompletely dissolved. The solution in stable
for one wee" it stored in a refrigerator.

Plc pr0m fhdoe *.vf na1 m yoreaoa ih overwiham
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